Abstract -A large discrepancy between males and females involved in the Intelligent
I. Introduction
his paper is dedicated to understanding the discrepancy between men and women's active participation in the Intelligent Transportation (ITS) and Intelligent Vehicle (IV) fields. We first became aware of this inconsistency at the most recent IEEE IV Symposium that took place in San Diego, CA in June 2010. Manning the registration desk on the first day of the conference, we noticed that there were very few women registering. However, the few women that came were motivated, some had submitted papers to the event; young, many still graduate students; and enthusiastic, all intended to develop careers in the field. We began talking to three of these female graduate students who submitted papers to the conference to understand their differing reasons to study engineering, challenges faced for being a woman in the field, and ideas about the changing role of women in the engineering community.
It's important to note that even as an increasing number of women explore scientific fields, engineering remains a largely maledominated field. Take, for example, women in medicine: they are beginning to share the playing field with men in equal proportions. [2] So, the question arises: why are there fewer women in engineering, and in particular, in the ITS and IV fields? In order to find out, we decided to seek the counsel of established women researchers and professors in the Intelligent Vehicles (IV) and Intelligent Transportation Systems (ITS) fields. Their responses, as well as our thoughts on the involvement of women in the ITS and IV fields follows. 
II. Gender Balance: Observations from the IEEE Intelligent Vehicles Symposiums
We analyzed the registration material for the past five IEEE IV Symposiums in the hopes of finding a trend among women participation. As Figure 1B shows, at the most recent IEEE IV Symposium in June 2010, out of the over 200 authors of papers, posters, or both, a mere 7.9% of the principal authors were women. However, as can be seen in Figure 1A , 25.8% of the posters and papers presented included the contributions of women investigators. The data from Figure  2 shows that while the percentage of women authors was highest in the 2008 IV Symposium, 2010's Figure 3B , Europe, specifically France, marks the area that most women at the conference were representing.
III. Learning from Young Researchers
In order to learn more about the reasons behind why women study engineering, we began by talking to three women who attended the conference in June. All of these women were graduate students who had presented papers and/or posters during the conference proceedings. Since we wanted to understand why there are so few women in the ITS and IV fields, our goal was to learn from the them why they became interested in ITS/IV as a research area, why they believe women are underrepresented in this field, and what in their opinion can encourage more women to succeed in the field. Dr. Huang's research proposes using LIDAR to detect vehicles around an intelligent car. The data from her experimentation shows that the system can recognize other cars around it up to 40 meters away, as well as the velocities and accelerations of those cars. To increase the range of this system, Huang has added cameras to the LIDAR system. It subsequently tracks a wider range of surfaces and thus, not only vehicles, but also pedestrians and traffic lights to localize positions.
Huang attributes the imbalance of women and men in engineering and its applied fields, like IV and ITS to young girls' lack of exposure. She says, "female undergraduate and high school students do not know much about engineeing, So I think professors and engineering societies should give them [an exposure to] what engineering really is." Huang recalls that her female friends would shy away from engineering believing the common stereotype that engineering was very difficult for women.
Huang, however, dispels this belief by encouraging the creative ascpect of engineering problem solving. She is a member of the Women Transportation Society (WTS), where she notes, "there are lots of women researchers in transportation and the intelligent vehicles fields."
Ms. Asma Azim recently began her doctoral work after completing a master's thesis that involved tracking multiple objects, including pedestrians, around or approaching a vehicle. She used the Viterbi algorithm, a method used in speech recognition to, to assist with data association and found that algorithm was able to track people with very good accuracy. She speculates that if this algorithm were to be implemented inside a vehicle, it could detect moving objects inside that vehicle's viewing area and could predict the motion of those objects.
However optimistic her research is, Azim is concerned about young women's lack of exposure toward engineering. In order to broaden a young woman's horizons, she encourages her peers to attend conferences such as the 2010 IEEE IV Symposium. Azim said, "for the last 3 days that I've been here, I've found everything so interesting -all the forums/sessions and proceedings were very interesting and informative to me." She first became interested in the field of Intelligent Vehicles after working on a project that involved finding problems in a vehicle's engine. After noticing how much computer vision and sensor-based systems incorporated in vehicles have increased safety and reduced accidents, Azim decided that she wanted to take part in this type of research.
Ms. Azim believes that research fields will benefit from the creative energy of young students. "The IV field", Azim stated, "can be very interesting for a person who is creative, wants to help people, and has an interest in mathematics, or computer science because it has a positive technological as well as societal impact."
Ms. Eugenie Lioris is also a Ph.D. student at INRIA Research Institute. Her work focuses on optimizing vehicle performance. She has developed an optimized mathematical model incorporating industrial research dimensions such as client behavior, networks, and finances. This is used in the vehicle to develop a collective Taxi transportation system. Lioris stresses that though opportunities for women in the IV field may seem to be few in number, and difficulty levels may seem high, the success of a woman is ultimately a matter of will. She says, "When you decide what you're going to do, you're not supposed to say, 'I am a woman, I'm not going to succeed.' Of course, it is going to be very difficult, and you have to persuade men that you are able to do what they can do."
Yet, she agrees that perhaps the stereotypes about engineering being a difficult subject discourage many women from entering the field, but a growing number of "women in engineering" societies and programs provide support to the women who do enter the field. Although young women in America are encouraged to apply to engineering colleges, recent admissions numbers still reflect a large gender gap: of Caltech's 951 enrolled students for fall 2009, 592 were men and 359 were women. At UC Berkeley, 26% of the freshmen in the College of Engineering for fall 2010 are women.
IV. Opinions of Established Researchers and Professors
We also sought the opinions of established women researchers in the specific IV/ITS related fields, as well as, more broadly, engineering in general. We sought to know how each began her involvement in engineering and how many other women were studying with her. As professors who have mentored a number of Ph.D. graduates, we were interested in knowing how many of these were women, and if that number is an increase or a decrease from when the professor herself was studying. Finally, we were also interested in knowing each woman's ideas on how the involvement of women in IV/ITS will change in the future. Professor Tara Javidi, an associate professor of Electrical and Computer Engineering at the University of California, San Diego, met with us to discuss the current issues about women's involvement in her field, and gave her perspective as a student, and identified how that changed as she began mentoring younger female studentsts. Professor Javidi completed her undergraduate education at Sharif University of Technology in Tehran, Iran, and received her MS and Ph.D. degrees in electrical engineering from the University of Michigan, Ann Arbor.
Since becoming a faculty member at UCSD, Professor Javidi has graduated two Ph.D. students. Of those, one was female. This student is now a faculty member at University of Colorado.
Professor Javidi believes that there a distinct pyramid structure in terms of women involvement in engineering. For example, she noticed that as she moved from being an undergraduate to a graduate student, the number of female students slowly declined as the field of study became increasingly specialized. "Women are like the token minority in engineering," Javidi said. For this reason, she believes that some women "feel marginalized, discouraged and intimidated" simply because of her gender.
Professor Javidi said that because many of her older professors were women, she felt encouraged that she, too, could succeed in engineering. However, she attributes the lack of enthusiasm for engineering among young students to the negative image it has in popular culture. "People don't go to law school to read pages and pages of documents; they go to law school because they see the excitement of lawyers on TV," she said, "On the other hand, everyone uses products designed by engineers, but no one is excited to study that." She believes that a stronger outreach program to expose young students to engineering is necessary.
Yet, Professor Javidi believes that the "field of engineering should be open to all genders", rather than targeting only the female gender to open the field up to. In industry, engineers are well paid, so spreading this security and satisfaction may be a crucial step in reaching a gender balance.
Prof. Lisa Pruitt is professor of Mechanical Engineering at the University of California, Berkeley. Originally from the East Coast, she completed her undergraduate education in Materials, Chemical and Oceans Engineering at the University of Rhode Island and did her doctoral work at Brown University.
She is the advisor of a mentoring group at UC Berkeley that works with K-12 students to teach them about the scientific and engineering design process. Dr. Pruitt believes that while there are more women in engineering now than 20 years ago, the ratio of men to women is still disproportional because grade school students are not exposed to engineering like they are to the humanities and hard sciences like biology, chemistry and physics. "Many undergraduates enroll in the College of Engineering because they liked math and physics in high school, but many more avoid engineering because they did not like math and physics. What is not taught in grade school is that engineering is so much more than deriving and applying equations. It requires creativity, leadership and passion." Pruitt says.
Unlike Prof. Javidi, Prof. Pruitt did not have any female professors in college to serve as mentors. She, however, came from a family of engineers. Her father was an aerospace engineer who instilled in her and her sister a "love for science and inquiry."
As the diversity officer for the Mechanical and Bioengineering departments, Dr. Pruitt has noticed that women tend toward the fields of engineerin g in which they can make a substantial societal impact. For this reason, "women are more attracted to interdisciplinary topics in engineering." At UC Berkeley, the ratio of men and women in bioengineering is almost 50/50, as There are fewer women in the more traditional fields of engineering, like mechanical engineering, civil engineering and electrical engineering. Dr. Pruitt says this is because students are not exposed to the inquiry behind science and the new research done in these fields. According to Dr. Pruitt, 50 years ago, mechanical engineers were the designers and manufacturers of machines. But now, mechanical engineering is also very interdisciplinary. Mechanical engineers can work on nanosensors and systems with electrical engineers or medical devices with material scientists and bioengineers.
In order to encourage more women to study engineering, Prof. Pruitt believes that "we need to put the excitement for science in K-8 education." Once students reach the undergraduate level, though, it is necessary that the school expose them to the "depth and breadth of engineering" through not just coursework, but also lab experience and team-based projects since many women do not know what engineering is.
V. Lessons for Moving Forward
The United Nations Educational, Scientific and Cultural Organization (UNESCO) recently launched a mentoring program to encourage young girls in the science and math fields. The organizations cites societal and cultural attitudes towards girls in science, as well as differences in the way boys and girls learn as reasons why there are fewer girls in math and science. But, perhaps the most striking reason, which UNESCO's program has been attempting to combat, is the lack of confidence many parents and teachers have in girls pursuing scientific and mathematical studies.
In her book, In a Different Light: Psychological Theory and Women's Development [3] Carol Gilligan, asserts that women place a greater priority on interpersonal satisfaction and integration than do men. That leads us to believe that the role of mentors is to encourage a girl's, mathematical and scientific mind. They cannot display any lack of confidence in a young engineer's ability. In a study on Gender-Informed mentoring strategies, Naomi Chester, a professor at the University of Vermont, and Mark Chester, a professor the University of Michigan, synthesized Gilligan's research and compiled data that showed women are motivated best by encouragement, compared to men, who are motivated best by challenge; and a woman's vision of success is through group affiliation, while a man's is through individual achievement. [4] And while the said generalization does not apply to all men and all women, we do believe that mentors, whether parents, teachers, professors or advisors, should take into account the different learning styles of men and women to inform more women about engineering and attract them to stay. Perhaps, this idea is best summed up the words of female graduate student, Eugenie Lioris, "There are people who don't trust you, they say 'oh, she's a woman she's not going to be able to (succeed)' But everyone has brains and if we want to use them, we can use them. A man or a woman can use their brain; it's just a matter of will."
The American Society for Engineering Education publishes an annual publication, "Engineering by the Numbers," that points out that women receive a larger percentage of degrees in newer engineering fields than older engineering fields. For example, women received 36.9% of the Bachelor's degrees awarded in 2009 in the field of Biomedical engineering, and 43.7% in environmental engineering. Compare that to electrical engineering bachelor degrees in 2009 (11.5%) and computer engineering (7.9%) (2009) [2] . In our minds, this may be the most hopeful trend: it indentifies the popularity of engineering in the newest fields-the places where the most progress has yet to be made, including, perhaps, where the participation of women will grow as well. Similarly, a recent report published by the American Association of University Women called "Why so Few", focuses on building a departmental culture in such low female to male ratio subjects, which is supportive and welcoming to female students. It proposes the idea that, even though the foundations for a career in science or engineering can be laid while a girl is growing up, her real test comes in college. Their research shows that by providing overview of the field in introductory courses, computer science and physics departments, departments that are very male-dominated, can attract more female students [5] With that said, an area of engineering that will grow considerably in the next 10 to 20 years is applications of alternative energy. The world needs engineers to build the next generation of cars: where safety, eco-friendliness, as well as aesthetics and comfort will become important. The age of gas-guzzlers is coming to an end. Our increased awareness of carbon-emitting actions has prompted this green revolution, and tomorrow will see the demise of crude oil as a staple of industrialized and post-industrialized society. As environmental pressures spur popular demand for an eco-friendly, safe, smooth, and pleasant ride, engineers must be ready to develop such a vehicle. And women engineers can and should become leading and visible players in the future.
Call us romantics, but, even after this statistical analysis, we like to believe that the reason women choose to succeed in ITS/IV and other types of engineering is out of enjoyment. Perhaps, Lili Huang's words explain it best, "[Engineering] sounds like it is scary, but it is interesting, I really enjoy it-I love it." And like Lili, we hope that this inspires more women to enjoy this field as well.
